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Description 

This invention relates to a magnetic recording 
medium. 

Direct access storage disk files generally 5 
require a minimum durability of the magnetic 
media which permits operation of such files with 
a relatively high reliability. This degree of 
mechanical reliability has historically been 
associated with a requirement for the addition of io 
non-magnetic load-bearing particles to the coat- 
ing formulation and/or the presence of lubricants 
on the disk surface, both of which contribute to 
the mechanical reliability of the disk file. 

Intermittent contact between heads and disks is 
can cause excessive wear of the magnetic 
recording film on the disk surface. Generally, 
load-bearing particles of hardness values similar 
to the hardness of the magnetic head materials 
are placed within the recording film. These 20 
materials range in hardness from ZrOg at 1160 
Knoop hardness to diamond at 7000 Knoop 
hardness. Examples of some materials falling 
within this range are: tungsten carbide, titanium 
carbide, alumina and silicon carbide. These 2S 
materials fulfull the function of insulating the 
recording film from the recording head during 
intermittent contact at file speed as well as during 
start-up and stopping of the machine. Selection of 
the correct material in terms of hardness, shape, 30 
size, recording density, load-bearing capacity, 
deformation and thermal and other material 
properties is an important consideration in the 
formulation of a magnetic recording coating. 
However, the presence of such non-magnetic 35 
load-bearing particles contributes significantly to 
media noise and establishes the final component 
signal/noise ratio. 

Typically, the non-magnetic load-bearing 
particles are in the form of AI2O3 which are added 40 
to the coating mixture in a size range of approxi- 
mately 1.5 micron to 3 micron particles (mean 
spherical equivalent size). The typical range of 
sizes at the 98% and 2% points of a cumulative 
distribution curve for a representath^e sample of 4S 
such particles is 4.4 microns to 0.6 microns, or a 
ratio of 4.4/0.6=73. 

From a statistical point of view, the relationship 
to media noise of such particles can be expressed 
In three primary forms, and these are; so 

1. Extra bits— This phenomenon Is generally 
expressed as the probability of finding load- 
bearing particles within a bit cell and their spatial 
alignment within the bit cell in the direction of 
head motion (phase) and their simultaneous 6S 
probability of aligning their straight edges along 
the bit cell length (azimuthal effect on extra bit 
amplitude). This phenomenon produces 
unwanted signals that interfere with the desired 
signal and effectively can cause a bit to be sensed 60 
when one is not present, or can cause a clocking 
error by phase shifting through superposition of 
the extra bit In the stream of information bit 
signals and consequently resulting in errors in 
readback. ss 



2. Missing bits— These are generally caused 
by the large particle tail of the typical size 
distribution of added load-bearing particles, and 
occur at a probability proportional to their 
number per recording surface. These types of 
defects result in a diminution of signal when 
present in a bit cell such that the minimum 
acceptable signal dictated by the particular 
machine logic cannot be achieved. 

3. Statistical noise— The major components of 
the noise are: 



a. The magnetic particles themselves such as 

b. Added load-bearing particles and/or inad- 
vertent voids In the particulate media. 



From the above it is clear that if load-bearing 
particles are necessary, then the choice of particle 
shape is important, as well as the distribution of 
particle size expressed as o, the standard 
deviation of the number versus size parameters. 
From a load-bearing point of view, it is evident 
that only particles whose dimension exceeds the 
magnetic media thickness are important. With a 
magnetic coating of 2 micron thickness, for a 
typical mean AI2O3 size of 2.5 micron (spherical 
equivalent) and a typical distribution of sizes, 
approximately 35% of the volume of particles 
present are at or below the coating thickness and 
do not contribute to load-bearing, and hence act 
as an unwanted source of noise while not 
contributing to load-bearing. Additionally, 
approximately 30% of the particles in this typical 
distribution exceed the coating thickness by an 
undesirable margin which ultimately contributes 
to asperities which can interfere with a flying 
head transducer and result in ultimate failure 
during flight if the flying height is at or below 
these higher asperities. 

Although some 1,000 particles are instan- 
taneously under a typical transducer slider area 
and only approximately 100 appear to be required 
for load-bearing purposes from a theoretical point 
of view, approximately several times this amount 
may be required to be present in the coating to 
ensure with certainty from a statistical point of 
view that the minimum required number are 
always present. 

The magnetic requirements for a particulate 
magnetic coating are that an adequately large 
signal be obtained and that the media noise be 
low. The signal relates to the average magnetiza- 
tion of the media, while the noise is due to 
deviations from this mean magnetization. Those 
factors which contribute to media noise are the 
variations In media thickness, variations in 
particle magnetization direction and non-uniform 
spatial distribution of particles. The intentional 
inclusion of non-magnetic, load-bearing materials 
will contribute to media noise. The extent of this 
contribution will depend on the number of load- 
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bearing particles (or particle agglomerates) and 
the average volume of coating displaced at each 
incidence. 

Experimentation has shown that debris 
particles generated in the impact^shear devices 
used to create magnetic particle dispersions can 
be detrimental to magnetic performance as well. 
Therefore, the film itself should be free of any 
foreign debris which could contribute additional 
noise to the noise already created by the load- 
bearing particles. These particulate film require- 
ments are extremely important in producing the 
highest quality magnetic recording media 
possible while simultaneously providing load- 
bearing capability for the recording head. 

U.S. Reissue Patent 28,866 discloses a magnetic 
recording coating having load-bearing particles 
therein which have one dimension approximately 
equal to the coating thickness. 

U.S. Patent 3,630^10 discloses a magnetic ^ 
coating composition containing abrasive particles 
smaller than 4 microns in an amount from 10 to 
100 parts by weight based on the weight of 100 
parts of the binder. 

U.IC Patent 1,277,822 dicloses a magnetic 
coating formulation containing load-bearing 
particles in a concentration of from 0.1 to 6% by 
weight, based on the weight of the magnetic 
pigment. 

U.S. Patent 3,622,386 discloses a magnetic ^ 
coating composition having load-bearing 
particles with a size ranging from 50 to 100 
percent of the magnetic coating thiclcness. 

An article "Aluminum Hydrous Oxide Sols/', by 
W. B. Scott and Egon Matijenic, Journal of Colloid 
and Interface Science, Vol. 66, October 1978, page 
447. describes a process for producing spherical 
particles having relatively narrow size distri- 
butions. 

IBM Technical Disclosure Bulletin, Volume 23, 
number 1, June 1980, page 296 teaches that 
load-bearing particles in a magnetic coating 
composition having spherical, conical, cylindrical 
or pyramidal shapes will produce less magnetic 
noise than particles having essentially straight 45 
sides. 

According to the invention there is provided a 
magnetic recording medium including a substrate 
carrying a coating of magnetic particles and 
spherical non-magnetic load-bearing particles 
dispersed in a binder characterised in that said 
load-bearing particles are substantially all of a 
size such that they protrude above the surface of 
said coating, but do not protrude above the 
surface of said coating by more than 1/5th of the 55 
thickness of said coating. 

The invention will now be described by way of 
example with reference to the accompanying 
drawings In which:— 

Rgs. 1 and 2 are graphs illustrating the particle so 
size distribution in two commercially available 
load-bearing particle mixtures of different 
average particle size; 

Fig. 3 Is a graph of coating asperity height 
versus the number of asperities per disk surface 55 
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for two different average particle size mixtures of 
load-bearing AI2O3 particles; and 

Rg. 4 is a plot of magnetic particle noise as a 
function of the mean load-bearing particle 
diameter for four different concentrations of such 
particles. 

The average size and size distribution of the 
load-bearing particles is an important 
consideration in the present invention. The 
requirement for particle size is that the number 
per unit area be adequate to support the load of 
the magnetic head suspension device without 
protruding excessively from the coating. It should 
be clear that (1) fewer particles are required if the 
mean particle diameter is slightly larger than the 
media thickness, (2) particles of diameter less 
than the media thickness are not load-bearing and 
are eliminated, and (3) as a result of (2), a particle 
size distribution which eliminates the small 
particles will result in less media noise with no 
penalty in the durability of the coating brought 
about by the inclusion of load-bearing particles. 
Another consideration regarding the particle size 
is that the particles significantly larger than the 
finished coating thickness contribute dispropor- 
tionately to the media noise. For this reason, the 
particle size distribution should also be narrowed 
to dramatically reduce the number of large 
particles present. 

As was mentioned above, the magnetic noise in 
the media will Increase as a greater volume of the 
coating is displaced. A sphere provides the shape 
in which the maximum amount of load-bearing 
material Is present for a given amount of surfece 
area. This then means that the most effective 
shape from a magnetic viewpoint for alumina 
particles is a sphere, and that any deviation from 
a spherical shape will result in more media noise. 

From the above discussion it is apparent that 
the spherical, monodispersed particles of the 
present invention having a median diameter 
which slightly exceeds the media thickness are 
particularly effective as load-bearing particles. 

The effect of load-bearing particle size on 
missing an extra bit defects is demonstrated in 
Table I. For a given bit cell size and clip level, there 
will be a critical particle size at which any particle 
larger than critical will trigger a defect. Therefore, 
the large particles in the load-bearing particle size 
distribution are the ones that contribute to 
defects. The size distribution is then very 
important. Two particle size distributions with the 
same mean size may give very different defect 
results if one contains many more large particles 
than the other. In the present invention, a 
monodispersed system is employed since a 
particle size less than the critical will result in no 
load-bearing caused defects. 

Figs. 1 and 2 show size distributions of two 
median sizes of commercially available AlaOs 
load-bearing particles. From Fig, 1 it can be seen 
that for a mixture of AI2O3 particles having a 
median particle size of 2.3 microns, a substantial 
number of such particles (>15%) have a size of 2 
microns or less. Hence, in a magnetic coating 
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having a finished thickness of 2.3 microns, this 
percentage of particles would be ineffective as 
load-bearing particles, for the reasons discussed 
above. Further, it can be seen from Fig. 1, that a 
substantial number {again >^B%) of these 
particles have a size which is 20% or more larger 
than the median size of 2.3 microns. Thus, in a 
coating having a finished thickness of 2.3 
microns, these particles could extend more than 
20% above the coating, thereby creating potential 
asperity problems for a low flying transducer, as 
well as adding noise problems because of their 
size, as discussed above. 

The size distribution shown in Fig. 2 for the 
particles having a 0.95 micron size is slightly 
better than for the 2.3 micron particles in Rg. 1, 
but it still can be seen that substantial numbers of 
the particles in the 0.95 micron mixture are 
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significantly above or below the median size and 
hence are objectionable for the reasons given 
above. Typically, commerciaHy available alumina 
has a size distribution in which the standard 
deviation (a) exceeds 25% of the mean particle 
size. The present invention provides advantages 
by using standard deviation less than 12% of the 
mean particle size. 

Disk signal-to-notse data is also shown in Table 
I, and shows a dependence on load-bearing 
particle size. As the load-bearing particle size 
approaches the size of void areas between the 
rnagnetic particles due to less than ideal 
dispersion quality, contribution of the particle to 
noise will be minimized. Large particles in the 
distribution should be eliminated, making the 
monodispersed system of the present invention 
the ideal case. 



TABLE I 

Effect of load4)earing particle size on defects and signal-to-noise ratio 



Mean filler 
particle 
size (p) 


Missing bit 

sites 
(number) 


Extra bit 

sites 
(number) 


Disk signal 
to noise 
(db) rms^rms 


.9 


24 


8 


24,72 


1.3 


38 


37 


24.13 


2.5 


280 


490 


21.68 



The effect of load-bearing particle size on disk 
durability is seen in Table II for a coating thickness 
of .69 microns. An improvement in durability is 
obtained at .9 microns over the 2.5 micron 
particle, since a larger number of load-bearing 
particles is obtained at this size. A degradation in 
rife is seen as the particle size is reduced below 
the thickness of the coating. Since the small 
particles in the size distribution (those with a 
diameter less than the coating thickness) do not 
contribute to load-bearing, they are eliminated 
from the distribution In accordance with this 
invention. 

Monodispersed load-bearing particles with a 
diameter 20% larger than the thickness of the 
coating is employed in this Invention for optimum 
durability, thereby reducing the particle 
concentration required to a minimum. 



TABLE II 
Effect of load-bearing particle size 
on durability, at .5% concentration 
by volume 
Mean filler Durability 
particle (mean cycles 

size (p) to ^ilure) 



.5 
.9 
2.5 



1071 
2000 
1560 



35 



40 



45 
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Fig. 3 is a plot of asperity height versus the 
number of such asperities on a disk surface for 
the 0.95 micron particle mixture whose size 
distribution is shown in Fig. 2 and a mixture 
having a median particle size of 2,5 microns. It will 
be understood that the asperity height is the 
amount by which a load-bearing particle 
protrudes above the finished coating. From Fig. 3, 
it can be seen, as would be expected, that the 2.5 
micron particles result in larger asperities than 
the 0.95 micron particles, but that the 0.95 micron 
mixture result in a larger number of smaller 
asperities. For the monodispersion of spherical 
particles of the present invention, a plot com- 
parable to Rg. 3 would be essentially a vertical 
line, with an asperity height equal to the amount 
by which the sphere's diameter exceeded the 
finished coating thickness. 

Two major advantages of the use in the present 
invention of a monodispersion of spherical 
particles are: 

1. reliability in flying 

2. control of stiction 

A control asperity height above the coating is 
desired for reliability in flying to prevent 
intermittent contact with the surface und prevent 
contacting the asperities. The desired asperity 
height will be dependent on the flying height of 
the transducer. 

Stiction, or resistance to rotational motion 
between the transducer and the coating when the 
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disk is at rest, is caused by lubricant material on 
the disk coating filling the space between the 
transducer and the coating. The present invention 
pernntts controi of the spadng of the transducer 
ifrom the coating when the disk is at rest This can 
be accomplished by selecting the desired spacing 
and then using mono-dispersed spheres of load- 
bearing material having a diameter which will 
cause them to protrude above the finished 
coating an amount which will produce the desired 
transducer-coating spacing. Since stiction 
increases with decreased transducer-coating 
spacing, the ability to control this spacing and 
hence effectively control the stiction Is a 
significant advantage. 

In the prior art coatings containing load-bearing 
particles, it might be suggested that since only a 
small proportion of the particles are truly effective 
as load-bearing particles, the concentration of 
such particles could be decreased and still 
provide sufficient coating durability. However, 
one undesirable effect of such a reduction in 
particle concentration In the prior art coatings 
would be a resulting reduction In the at-rest 
transducer-coating spacing, thereby increasing 
the stiction problem. 

Fig. 4 is a plot of magnetic particle noise versus 
the mean diameter of the load-bearing particles 
for four different levels of load-bearing particle 
concentration. As can be seen, the magnetic noise 
introduced by the load-bearing particles increases 
as a function of both particle concentration and 
mean particle diameter. 



aaims 

1. A magnetic recording medium including a 
sulsstrate carrying a coating of magnetic particles 
and spherical non-magnetic load-bearing 
particles dispersed In a binder characterised in 
that said load-bearing particles are substantially 
all of a size such that they protrude above the 
surrounding regions of the surface of said 
coating, but do not protrude above the surface of 
the surrounding region of said coating by more 
than 1/5th of the thickness of said coating at safd 
surrounding regions. 

2. A recording medium as claimed in claim 1, in 
which said load-bearing particles are present in 
said coating In an amount not exceeding 5% by 
weight of said magnetic particles. 

3. A recording medium as claimed in claim 2, In 
which said load-bearing particles are present In 
said coating In an amount between 0.2 percent 
and 5 percent by weight of said magnetic par- 
ticles. 

4. A recording medium as claimed in any one of 
claims 1 to 3, in which the thickness of said 
coating is less than 2 microns. 



Patentanspruche 

1. IVIagnetisches Aufzeichnungsmedium mit 
einem Substrat welches eine Beschichtung aus 

g magnetische Teiichen und sphSrischen 
nicht-magnetischen tragenden Teiichen, die in 
einem Binder verteilt srnd, tragt, dadurch gekenn- 
zeichnet, daB die tragenden Teiichen im wesent- 
lichen alle eine solche GroSe haben, daB sie uber 
die umgebenden Bereiche der Oberflache der 
Beschichtung hervorragen, jedoch Qber die Ober- 
flache des umgebenden Bereichs der 
Beschichtung nicht mehr als 1/5 der Dicke der 
Beschichtung an dem umgebenden Berelch 
hervorragen. 

2. Aufaeichnungsmedium nach Anspruch 1, bei 
welchem die tragenden Teiichen in der Beschicht- 
ung In einer Menge, die 5 Gew.-% der 
magnetischen Teiichen nicht Qberstelgt, 

20 vorhanden sind. 

3. Aufeeichnungsmedlum nach Anspruch 2, bei 
welchem die tragenden Teiichen in der 
Beschichtung in einer Menge zwischen 0,2 und 5 
Gew.-% der magnetischen Teiichen vorhanden 

2s sind. 

4. Aufzeichnungsmedium nach irgendeinem 
der Anspruche 1 bis 3, bei welchem die Dicke der 
Beschichtung weniger als 2 Mikrometer betragt. 

Revendications 

1. Support d'enregistrement magnetique 
Incluant un substrat portant un rev§tement form^ 
de partlcules magn^tiques et de particules 

J5 magn^tiques sph6riques supportant la charge, 
dispersees dans un liant, caract^ris^ en ce que 
lesdites particules supportant la charge sent 
essentieilement toutes d'une taille telle qu'eltes 
font saillie au-dessus des regions envlronnantes 

40 de la surface dudit revetement, mais ne font pas 
saillie au-dessus de la surface de la region 
environnante dudit rev§tement, sur une hauteur 
sup6rieure k plus de 1/5-eme de i'epaisseur dudit 
revdtement au niveau de ladite region environ- 

4Q nante. 

2. Support d'enregistrement selon la revendica- 
tion 1, dans lequel lesdites particules supportant 
la charge sont pr^sentes dans ledit rev§tement en 
une quantity ne depassant pas 5% en poids 

g0 desdites particules magn^tiques. 

3. Support d'enregistrement selon la revendica- 
tlon 2, dans lesdites particules supportant la 
charge sont pr6sentes dans ledit rev§tement en 
une quantity comprise entre 0,2 pour-cent et 5 

ss pour-cent en poids desdites particules mag- 
n^tiques. 

4. Support d'enregistrement selon Tune 
quelconque des revendications 1 d 3, dans lequel 
r^paisseur dudit revdtement est inferieure h 2 

so microns. 
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